Recently the production of infectious hepatitis and homologous serum jaundtice in human volunteers afforded an unusual opportunity to study changes in hepatic function during this disease.3" This study permitted initial control measurements of liver function to be made before inoculation with icterogenic material. Changes in liver function occurring during the disease could also be followed until normal conditions were restored, so that a complete sequence of events was obtained.
Recently the production of infectious hepatitis and homologous serum jaundtice in human volunteers afforded an unusual opportunity to study changes in hepatic function during this disease.3" This study permitted initial control measurements of liver function to be made before inoculation with icterogenic material. Changes in liver function occurring during the disease could also be followed until normal conditions were restored, so that a complete sequence of events was obtained.
These studies of liver function during infectious hepatitis are of interest, first, as an experimental control for comparison with the large amount of work on spontaneous infectious hepatitis, and second, under the above conditions liver function tests were performed at fairly close intervals over an.extended period and are of interest in a comparison of different liver function tests. The results of these functional tests are reported in detail. Discussion of the large amount of literature in this field is withheld, as a large amount of work on spontaneous infectious hepatitis and homologous serum jaundice is yet to be reported by others.
Methods and control results
In this study the following tests were used as an index of impaired hepatic function: (1) total serum bilirubin, (2) presence of 'bilirubinuria, (3) urobilinogenuria, (4) alkaline serum phosphatase, (5) oral hippuric acid test, (6) Pre-inoculation control studies of liver function were made on all volunteers before inoculation with infectious material. The tests of hepatic function were then performed at weekly intervals until symptoms of infectious hepatitis were reported, after which the tests were performed at closer intervals until the subjects returned to normal. The days in the tables indicate the time following administration of icterogenic material.
Results Experiment 1. Five volunteers were used as control subjects in this experimlent. Control tests of liver function in these subjects were normal throughout the study. A group of eight test subjects received serum to be tested for icterogenic agent.4 Three developed clinical symptoms of homologous serum jaundice followed by the development of evidence of impaired liver function. These cases had received the serum intracutaneously. The results of the liver function tests in the three patients are presented in Fig. 1 and table 1. Previous control data had been obtained in these cases but are not shown in the tables. Following the subject's report of definite symptoms the tests soon showed the development of hepatic dysfunction. The results shown in Fig. I are fairly typical of the changes in hepatic function observed in these three cases. First, the liver function tests rapidly became abnormal once the symptoms developed. In all cases the hippuric acid excretion did not show any significant change from normal. Both the urine bile and urobilinogen tests were sensitive indicators for detecting hepatic changes in these three cases of hepatitis. The concentration of serum bilirubin also rose at about the same time, although the increment of change was low in one instance (O.K.H.).
An increase in serum phosphatase activity was noted in each case, the rise being small in one subject (W.J.). The cephalin-cholesterol test showed more variation than any of the above functional procedures. In one instance this test became abnormal later than the other tests (Fig. 1) . Only in the third subject did the cephalin test become abnormal as soon as the other functional tests.
The tests seemed to show some sequence in returning to normal. The urobilinogen returned to normal before the urine bile values, both tests being followed after an interval by normal serum bilirubin concentrations. The serum phosphatase values also returned to normal during the same time. In one subject the cephalin-cholesterol test remained positive after the others had become normal (O.K.H.). Experiment 2. In this study the bromsulphalein test was substituted for the oral hippuric acid method. A group of nine volunteers received infectious material, and five developed symptoms of infectious hepatitis followed by the production of an abnormal liver function (table 2). The first two cases in table 2 received icterogenic sera orally and intranasally, and the last three cases were fed extracts of stool (and urine). It is evident that in the first four cases the serum bilirubin, urine bile, and urobilogen tests became positive, following the onset of symptoms, at about the same time. Some variation is present in that one test may become positive shortly before the others. However, the changes in all three tests occur quite rapidly over a short period of time. The last Serum phosphatase values rose initially in all three in which it was performed, but the rise was only transitory. The cephalin-cholesterol test was comparatively slow in detecting hep.atic damage in the first subject (C.E.K.) but was a sensitive indicator of the damage in the next three cases. In the subject with subclinical hepatitis (R.L.J.) the cephalin-cholesterol test became positive but fluctuated considerably, the results being less constant than those obtained with the bromsulphalein test. In all instances the bromsulphalein retention was a sensitive test of the developing hepatic dysfunction. The dye retention became positive while the serum fbilirubin was either normal or -only slightly elevated. The test was not performed during the ensuing jaundice, but was performed after the elevated serum bilirubin decreased, to determine, if possible, the presence of any residual changes.
As the subject recovered from the infectious hepatitis some of the hepatic function tests remained positive for longer periods of time. The cephalin-cholesterol values tended to remain positive longer than the serum bilirubin values. In all cases the urine bile and urobilinogen determinations had returned to normal while the cephalin-cholesterol was still positive. It is more difficult to compare the cephalin test with the bromsulphalein retention. In general, the cephalin-cholesterol flocculation remained abnormal longer, although at times the reverse was true. The last record (R.L.J.) shows a most persistent high dye retention, even with a normal cephalin test, that only slowly returned to normal.
A relapse of the disease was seen in one subj ect in this group (K.R.R.), the liver function tests again becoming positive. The bromsulphalein test first became positive on the 108th day, while the other tests were still normal. The dye test was also abnormal on the 143rd day, at a time when the cephalin test was normal and serum bilirubin was only slightly elevated. In case R.L.J. the hepatic change was unusually prolonged. Experiment 3. Eight volunteers received icterogenic material and four developed symptoms of infectious hepatitis followed by an abnormal liver function. Subject D did not develop any symptoms of the infection but some abnormal changes in hepatic function were noted. The subject in Fig. 2 icterogenic serum intra-and subcutaneously, the others receiving the serum orally and intranasally. In all cases the serum bilirubin, urine bile, and urobilinogen tests became abnormal at about the same time ( Fig. 2 and table 3 ). The greatest variation in these three tests was present in subject B, in whom the urobilinogen test was slow in becoming abnormal. Only two volunteers showed a marked rise in serum bilirubin. In the other two cases the subjects were only slightly icteric and this is reflected in only a slight rise in serum bilirubin. However, positive urine bile and urobilinogen tests were still produced. Subject D was free of symptoms but did develop some changes in liver function.
The cephalin-cholesterol test was sensitive in detecting the presence of an abnormal liver function when compared with the above three tests. In subjects Z and D it was slightly slower than some of the tests in becoming abnormal, but still compared favorably with the majority of the methods used. The bromsulphalein technique also detected the onset of hepatic dysfunction early in every case.
LIVER FUNCTION IN EXPERIMENTAL HEPATITIS
The serum bilirubin values returned to normal before the urine bile and urobilinogen tests. This is particularly true in the patients with only slight icterus. The urobilinogen and urine bile tests became normal at about the same time. The cephalin-cholesterol test generally remained positive longer than these two tests. Lastly, the bromsulphalein, although it was sensitive in detecting the onset of liver dysfunction, showed only a transitory rise above normal. Discussion In this study 25 subjects received material to be tested for infectivity of homologous serum jaundice and infectious hepatitis. In some cases the cephalin test did not remain abnormal as long as did -the other methods, and in some subjects another test remained above normal as long as the cephalin test, but judging the comparative result in all cases, the cephalin test was the most regular in showing a greater duration of change in hepatic function. In the present study the duration of the abnormal funotional values, as measured from the onset of the symptoms until the last test returned to normal, ranged from 13 to 141 days, with an average of 69 days. Summary 1. During studies of experimental human hepatitis twelve cases were studied at close intervals by means of liver function tests. The tests were followed from normal control values to abnormal results during the disease, and then back to normal. The bromsulphalein, urine bile, urobilinogen, serum bilirubin, serum phosphatase, and cephalin-cholesterol tests rapidly became abnormal following the onset of symptoms. As the damage developed quickly it was difficult to choose the most sensitive tests for detecting functional changes, although the bromsulphalein and urine bile tests seemed to be the most sensitive methods. The oral hippuric acid test did not become abnormal in the cases in which it was studied.
2. One of the twelve cases of infectious hepatitis was subicteric and three showed only a very slight icterus. In these subjects the serum bilirubin, urobilinogen, and urine bile tests showed only a slight change from normal. In such instances the cephalin-flocculation and bromsulphalein retention gave a more reliable index of hepatic dysfunction.
3. The changes in the serum phosphatase, bromsulphalein, and serum bilirubin values usually returned to normal .before those of other tests, whereas the urobilinogen and urine bile tests generally suggested hepatic dysfunction for a longer period of time. ever, in most cases the cephalin-cholesterol test indicated the longest duration of hepatic dysfunction. Some of the tests which first detected changes in hepatic function did not indicate as long a duration of abnormal function as did other tests. This is particularly true of the bromsulphalein test.
